It i s w e l l known t h a t t h e Coulomb f o r c e and the nucleon asymmetry are responsible f o r several c h a r a c t e r i s t i c s o f nuclear ground s t a t e properties. A few examoles are: a) the d i f f e r e n c e i n t h e s i n g l e p a r t i c l e energies o f protons and neutrons /1/, b ) f o r i s o t o p i c and i s o t o n i c series, t h e d e v i a t i o n from the A ' '~ la, e x h i b i t e d hy t h e d i f f e r e n c e s between nuclear charge mean r a d i i /2/, c ) t h e increase o f the nucleon asymmetry w i t h t h e mass number A f o r t h e s t a b l e n u c l e i /3,4/. However, much l e s s i s known about the i n f l u e n c e o f t h e Coulomb f o r c e and t h e nucleon asymmetry on t h e surface width o f t h e mass d e n s i t y p A ( r ) [ p A ( r ) = p n ( r ) + p,,(r) where pn(r) ( p p ( r ) ) i s the neutron (proton) d e n s i t y l and t h e neutron excess i n the surface o f the nucleus. These p r o p e r t i e s are important f o r the d e s c r i p t i o n o f q u a s i s t a t i c /5/ as w e l l as dynamic processes /6/ and are a l s o necessary i n g r e d i e n t s i n a l 1 mass formulae /7/. These mass formulae, however, cannot describe t h e surface w i t h o u t addi t i o n a l assumption / 8 / .
The i m p o s s i b i l i t y t o o b t a i n a t the present time from experiment t h e necessary i n f o rmation about t h e i n f l u e n c e o f Coulomb f o r c e and nucleon asymmetry on the surface o f nuclear mass d e n s i t i e s provides the m o t i v a t i o n f o r t h e i r d e t a i l e d i n v e s t i g a t i o n w i t h t h e spherical constrained HF+BCS-mode1 /9/.
I n t h e next s e c t i o n we present Our d e f i n i t i o n o f t h e surface w i d t h parameter b /9/ I n s e c t i o n II we discuss i n d e t a i l t h e i n f l u e n c e o f nucleon asymmetry and Coulomb f o r c e on t h e nuclear surface width. A s h o r t summary o f Our r e s u l t s i s given i n section III.
-SURFACE WIDTH PARAMETER b
I n r e f . 9, i t was shown t h a t t h e experimental mode1 independent (MI) nuclear Charge d e n s i t i e s and t h e t h e o r e t i c a l charge and mass d e n s i t i e s obtained from HF+BCS-calcul a t i o n s are almost symmetric around t h e external radius C ( c e n t r a l radius), where the slope o f t h e d e n s i t y p ( r ) i s maximum a t the surface (see f i g . 1). This symmetry i s f u l f i l l e d f o r a region 1 r -C 1 < 0.9 -1.0 fm. I n t h a t region the d e r i v a t i v e o f t h e symmetrized densi t y Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1984626 f o r r 2 C p'(2C-r) f o r r < C S i s a very good approximation to. p ' ( r ) . The quantity -p ' ( r ) possesses the advanta--geous property of being a distribution function. -p8'(r) i s also free from bu1 k effects. F i g . 1 shows that the symmetry expressed by relation (1) i s very f a s t destroyed f o r larger distances from C. Fig. 1 -Part ( a ) shows the calculated negative derivative of the proton density -p l ( r ) (thick curve), the distance C from the center of the nucleus t o the surface point where -p l ( r ) i s maximum, and the symmetrized function -p l S ( r ) defined in eq. 1 (thin curve). Part (b): same as part ( a ) but f o r neutrons.
Ue associate with C , and -plS(r) the surface parameter 2 / ( r ) ( r -) dr b i s sensitive t o the surface region and free from any mode1 assumption regarding the shape of the densities either i n the volume or in the surface region. W e employ in the following sections the parameter b for a systematic study of the influence of Coulomb force and nucleon asymmetry on the surface width of nuclear mass densit i e s . The analysis of the surface masse widths b (q=n(neutrons), p pro tons)) as a funcq tion of A (nuclei along the valley of 6-stability) allows the determination of fine effects originating from the nucleon asymetry (1 = O ) , and from the Coulomb-force on the nuclear surface widths b (q=p,n). (1) The widths b and bn deviate in al1 cases less than -4% from the average P widths b and bn (see table 1). P Table 1 . (V) The very non-local f o r c e SV p r e d i c t s [ a f t e r disregarding t h e staggering e f f e c t s i n t h e surface width bn and bn] an almost equal w i d t h f o r proton and neutron i n c o n t r a s t t o t h e increase o f t L e d i f f e r e n c e between t h e neutron and proton widths w i t h increasing nucleon asymmetry 1 w i t h t h e forces Ka / I O / and SI11 /1/.
Coulumns 2 t i l l 4 g i v e t h e average nuclear charge surface w i d t h bc ( l i n e l), and t h e maximal d e v i a t i o n dbc/bC ( l i n e 2 ) c a l c u l a t e d w i t h t h e forces
( V I ) The forces S I I I , Ka, and SV show f o r t h e Ca and N i isotope a d i f f e r e n t dependence o f t h e proton and neutron width b and b, w i t h increasing neutron excess. P
-INFLUENCE OF NEUTRON EXCESS AND COULOMB FORCE ON THE PROTONS AND NEUTRONS SURFACE WIDTH OF ISOBARIC NUCLEI
die f i n d , a f t e r disregarding f o r c e SV, an increase o f t h e d i f f e r e n c e w i t h A f o r n u c l e i along the v a l l e y of 6 -s t a b i l i t y (see f i g . 2). The nucleon asymmetry 1 and t h e r a t i o between t h e Coulomb-energy and t h e binding-energy grows w i t h increasing A. I n the f o l l o w i n g paragraphs we i n v e s t i g a t e t h e e f f e c t o f asymmetry and Coulomb f o r c e on the surface mass widths b (q=n,p). ' 4 For a b e t t e r i n t e r p r e t a t i o n o f the asymmetry e f f e c t s on the surface width o f the n u c l e i ? we f i r s t i n v e s t i g a t e i s o b a r i c n u c l e i a f t e r switching o f f the Coulomb-force.
The study o f isobars w i t h A > 40 shows an increase o f the neutron width bn w i t h increasing asymmetry, w h i l e b does n o t change very much (see f i g s . 3a, 4a). This w i t h t h e asymmetry 1 = (N-Z)/A. A c l o s e r a n a l y s i s shows, t h a t the a s y m e t r y f o r c e acts on the depth and w i d t h o f the proton and neutron s i n a l e -p a r t i c l e o o t e n t i a l s (see t a b l e 2). The nucleon asymmetry (asymmetry f o r c e ) oroduces w i t h
OC (mC) (column 1 ) denotes t h e r e s u l t obtained i n s e l f c o n s i s t e n t c a l c u l a t i o n s without ( w i t h ) t h e Coulomb-force. The mass number A i s given i n column 2 and o f neutrons i n column 3.
W e i n v e s t i g a t e w i t h t h e WS-potential t h e i n f l u e n c e o f the f o l l o w i n g two extreme cases on t h e increase o f bn.
(a) t h e neutron s i n g l e -p a r t i c l e p o t e n t i a l ( c e n t r a l p a r t ) i s t h e same f o r a l 1 i s o b a r i c n u c l e i (A=208) and t h e occupation number i s changing from N=104 t o N=138. [The r a t i o between the e f f e c t i v e mass and t h e nucleon mass m*/m=0.61 i s chosen i n order t o perform a q u a n t
i t a t i v e comparison w i t h s e l f c o n s i s t e n t c a l c u l a t i o n s using the f o r c e Ka. The WS-potential i s f i t t e d i n i t s depth and surface w i d t h t o t h e 208 c a l c u l a t i o n w i t h t h e f o r c e Ka f o r t h e nucleus 104X. The s p i n -o r b i t coupling constant was chosen i n order t o g i v e the same s i n g l e p a r t i c l e occupation as i n the s e l f c o n s i s t e n t calculations. (b) W e change depth and surface w i d t h o f the c e n t r a l p o t e n t i a l f o r a system w i t h a f i x e d occupation number(N=104).The p o t e n t i a l changes are chosen i n order t o cover the v a r i a t i o n i n the s e l f c o n s i s t e n t p o t e n t i a l o f t h e i s o b a r i c n u c l e i w i t h A=208 when t h e neutron number changes from N=104 t o N=138. W e f i n d t h a t t h e increase o f bn w i t h growing asymmetry 1 can be described as the e f f e c t o f two causes. One o f them i s t h e "cooperative" a c t i o n o f a l 1 o a r t i c l e s t o decrease the depth and increase t h e surface w i d t h o f t h e neutron s i n g l e -p a r t i c l e r p o t e n t i a l . The o t h e r i s caused by t h e approach o f t h e Fermi-energie E : t o t h e zero value w i t h increasing neutron number. Both causes c o n t r i b u t e almost e q u a l l y t o the growth o f t h e neutron density surface w i d t h bn when t h e neutron number N goes from
104 t o 138 (see f i g s . 5a and 6).
Fig. 5 -The dependence of t h e mass surface width on the shape o f the s i n g l e p a r t i c l e p o t e n t i a l i s shown. Part (a). Each o f the t h i n curves gives t h e neutron W S surface w i d t h bWS as a f u n c t i o n o f the US-parameter Vn (MeV) ( P o t e n t i a l depth) f o r one value i : '
( p o t e n t i a l surface width), and f i x e d value cBS ( p o t e n t i a l s i z e ) , and (no change i n t h e oarameters o f t h e WS-ootential) a l h e produces a r e l a t i v e l y small e f f e c t on t h e proton surface width b This small i n f l u e n c e on b coming from t h e P. P strong v a r i a t i o n i n E~ appears s i m i l a r t o t h e one already found i n r e f . 12 between P W S the change i n t h e s i z e o f the c e n t r a l o o t e n t i a l w e l l ( l a r n e r parameter C ) and i t s e f f e c t on the surface width bu f o r t h e Ca-isotopes. I f we disregard s h e l l e f f e c t s both r e s u l t s are equivaleht. The change i n the occupation number i s respon-
o increase t h e depth and surface width o f t h e oroton s i n g l e -p a r t i c l e o o t e n t i a l (see t a b l e 2). While the increasino depth o f t h e p o t e n t i a l w i t h growing nucleon asymmetry 1 i s responsible f o r a decrease o f the surface w i d t h b t h e increase i n t h e surface w i d t h of t h e P' s i n g l e p a r t i c l e p o t e n t i a l tends t o increase t h e proton d e n s i t y surface w i d t h b P.
The r e s u l t i s again a r e l a t i v e small v a r i a t i o n i n b (see f i g . 5b). P Fig. 6 -The dependence o f the mass surface width on t h e Fermi-energy E~ ' when t h e shape o f t h e s i n g l e p a r t i c l e p o t e n t i a l i s n o t the two curves qives b, [ t r i a n g l shows a reduction o f t h e neutron width w i t h respect t o the HF-calculated value w i t h o u t Coulomb-force. The presence o f the Coulomb-barrier a t t h e surface o f t h e proton c e n t r a l p o t e n t i a l i s responsible f o r a r e s t r a i n e d increase o f t h e proton surface w i d t h b when t h e P Fermi-energy cF approaches t h e zero value /14/. This e f f e c t must a l s o be considered f o r t h e very ngutron-rich n u c l e i (see t a b l e 2).
I I I -SUMMARY
The proton surface width parameter bD shows minor changes ( 1 3%) as a f u n c t i o n o f t h e nucleon asymmetry. The neutron surface w i d t h bn shows a steady increase w i t h t h e neutron excess. This increase gets f a s t e r f o r very n e u t r o n -r i c h n u c l e i .
The d i f f e r e n t changes o f the corresponding s i n g l e p a r t i c l e p o t e n t i a l s w i t h increasing neutron excess are mainly responsible f o r t h e d i f f e r e n c e s between neutron and proton surface w i d t h as a f u n c t i o n o f the nucleon asymrnetry 1 . The decrease o f t h e depth and increase o f t h e surface width o f t h e neutron s i n g l e -p a r t i c l e p o t e n t i a l c o n t r ibute t o t h e increase o f t h e neutron surface w i d t h bn w i t h growing asymmetry 1. The increase o f bn i s f u r t h e r enhanced because o f t h e approach o f t h e Fermi-energy -(chemical p o t e n t i a l ) EL t o zero. The depth of t h e proton s i n g l e p a r t i c l e p o t e n t i a l increases w i t h growing asymmetry 1. That i m p l i e s a decrease i n bu. This e f f e c t i n the surface width bu i s compensated by t h e increasing surface width o f t h e proton p o t e n t i a l .
The Coulomb f o r c e i s responsible f o r a l i g h t increase o f b ( = 2% f o r 140ce) f o r P n u c l e i along t h e v a l l e y o f P s t a b i l i t y . This increase i s l a r g e r f o r very protonr i c h n u c l e i ( = 7% f o r 140yb).
I n f i g . 2sharp increases o f bn when the neutrons number N gets l a r g e r than 20, 28, 50, and 82 are mainly due t o t h e approach o f t h e neutron Fermi-energies E~ t o the zeroth value (SE = 4 MeV). Because o f t h e Coulomb-barrier hC the proton n F P surface width bp i s much l e s s s e n s i t i v e t o ep .
F i n a l l y we would l i k e t o note t h a t j u s t a f t e r completion o f t h i s work we have become aware o f a p u b l i c a t i o n by L i p p a r i n i and S t r i n g a r i /15/ i n which t h e dependence o f t h e surface width on t h e nucleon asymmetry 1 i s i n v e s t i g a t e d i n the frame work o f t h e l i q u i d d r o p l e t model.
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